
PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT : Gerald E. Rains et al . 

PATENT NO. : 6, 917,206 

ISSUED : July 12, 2005 

TITLE : MULTIPLE FREQUENCY GRAIN MOISTURE SENSOR FOR 

COMBINES 

Conf. No. : 8999 

Docket No.: P05388US1-15694 ^ 

Certificate 

JAN 0 4 2006 

Mail Stop Certificate of Correction 

Commissioner of Patents Of Corr6CtlOn 

P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

REQUEST FOR RECONSIDERATION OF APPLICANT'S 
REQUEST FOR CERTIFICATE OF CORRECTION FOR 
PATENT NO. 6,917,206 UNDER 37 C.F.R. § 1.322(a) 

It is requested the Commissioner reconsider Applicant's 
request and issue a Certificate of Correction in the above- 
identified patent. A soft copy of the patent is attached. 

Attached in duplicate is Form PTO/SB/44 with at least 
one copy being suitable for printing. The exact page and 
paragraph where the errors occurred in the patent are shown 
below: 

Column 14, line 29, strike the numeral "6" and insert 
the numeral -12-. 



CERTIFICATE OF MAILING (37 C.F.R. § 1.8(a)) 

I hereby certify that this document and the documents referred to as 
enclosed therein are being deposited with the United States Postal Service as 
First Class mail addressed to: Commissioner for Patents, Alexandria VA 22313- 
1450, on this day of Qcc^^ c\r 200 5" 



Timothy J. Zarley 
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Column 14, line 39, strike the numeral "5" and insert 
the numeral -1-. 

Column 14, line 43, strike the numeral "5" and insert 
the numeral -1-. 

Column 14, line 47, strike the numeral "5" and insert 
the numeral -1- . 

Column 14, line 49, strike the numeral u 5" and insert 
the numeral 

As original filed, the application had claims 1-26. By 
preliminary amendment on November 20, 2003, claims 1-12 and 
22-26 were cancelled leaving claims 13-21 for prosecution. 

On October 10, 2004, the Examiner issued a restriction 
requirement and in response the Applicant, with traverse, 
elected claims 13-15 and withdrew claims 16-21. In addition, 
the Applicant added new claims 27-32. 

As a result of a telephone interview with Timothy J. 
Zarley on December 13 and 14, 2004, the Examiner issued an 
Examiner's amendment (see attached) where claims 28, 31 and 
32 were amended to depend from claim 13 instead of withdrawn 
claim 16; claim 29 was amended to depend from claim 28 
instead of withdrawn claim 17; and claim 30 was amended to 
depend from claim 27 instead of withdrawn claim 16. 

Subsequent to this, the Examiner withdrew the 
restriction requirement and allowed claims 13-21 and 27-32. 
The amended claims 28, 29, 30, 31, and 32 are claims 12, 8, 
13, 14, and 15 respectively in the printed patent. As 
amended these claims should depend from claims 1, 12, 4, 1 
and 1 respectively. 

Since this was a Patent Office error, no government fee 
is required. If any fees are believed to be due in 



2 



JAN 06 2006 



Patent No. 6,917,206 

Reply to Office Action of August 10, 2005 



Docket No. P05388US1-15694 



connection with this request, charge any additional fees to 
Deposit Account 50-2098, 

It is requested that the Certificate of Correction 
issue. Please send the Certificate to the undersigned. 



Respectfully submitted, 




Timothy J. Zarley 
Reg. No. 45,253 
ZARLEY LAW FIRM, P.L.C 
Capital Square 

400 Locust Street, Suite 200 
Des Moines, IA 50309-2350 
Phone No. (515) 558-0200 
Fax No. (515) 558-7790 
Customer No. 34 082 
Attorneys of Record 

- TJZ/jlk - 
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ffice Action Summary 



Application No. 

10/718,147 



Examiner 

Vincent Q Nguyen 



Applicant(s) 

RAINS ET AL 



Art Unit 

2858 



The MAILING DATE of this communication appears on the cover sheet with the correspondence address - 
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 .136(a). in no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1)D Responsive to communication(s) filed on . 

2a)D This action is FINAL. 2b)M This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quay/e, 1935 CD. 1 1 , 453 O.G. 213. 

Disposition of Claims 

4) [3 Claim(s) 13-21 and 27-32 is/are pending in the application. 

4a) Of the above claim(s) 16-21 is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) |3 Claim(s) 13-15 and 27-32 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Claim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) E3 The specification is objected to by the Examiner. 

1 0)D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d). 
1 1 )□ The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

12)D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 
a)D All b)D Some * c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2.D Certified copies of the priority documents have been received in Application No. . 



3.D Copies of the certified copies of the priority documents have been received in this National Stage 
application from the International Bureau (PCT Rule 17.2(a)). 
See the attached detailed Office action for a list of the certified copies not received. 



Attachment(s) 

1) S Notice of References Cited (PTO-892) 

2) CH Notice of DraftspersorVs Patent Drawing Review (PTO-948) 

3) IS Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 

Paper No(s)/Mail Date 03/01/2004 . 



4) Interview Summary (PTO-413) 
Paper No(s)/Mail Date. . 

5) □ Notice of Informal Patent Application (PTO-1 52) 

6) □ Other: . 



U.S. Patent and Trademark Office 

PTOL-326 (Rev. 1-04) 



Office Action Summary 



Part of Paper No./Mail Date 20041214 



Continuation Sheet (PTOL-413) 
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Application No. 10/718,147 



Continuation of Substance of Interview including description of the general nature of what was agreed to if an 
agreement was reached, or any other comments: 

Examiner wondered if the amendment of claims 1 3-21 and 27-32 or the remark is typographical error. In the remark, 
Applicant indicated to add new claims 27-32 that depend on claim 13. However, in the amendment of the claims, 
claims 28, 30-32 depend on claim 16 (Withdrawn claim) and claim 29 depends on claim 17 (Also being withdrawn). 

Applicant called back (12/14/2004) and explained that claims 28, 31, 32 depend on claim 13. claim 29 depend on 
claim 28. Claim 30 depends on claim 27. 

Examiner will fix the claims 28-32 in accordance to the telephone interview. Therefore, claims 28, 31 and 32 depend 
on claim 13. Claim 29 depends on claim 28. Claim 30 depends on claim 27. 

If the case is allowable, Applicant authorized the examiner to cancel the non-elected claims 16-21. 
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Application/Control Number: 10/718,147 Page 2 

Art Unit: 2858 

DETAILED ACTION 

Election/Restrictions 

1 . Applicant's election of claims 1 3-1 5 and 27-32 in the reply filed on 1 1 /1 2/2004 is 
acknowledged. Because applicant did not distinctly and specifically point out the 
supposed errors in the restriction requirement, the election has been treated as an 
election without traverse (MPEP § 818.03(a)). The Election/Restrictions requirement is 
still deemed proper and is thus made FINAL. 

Claims 16-21 are withdrawn from further consideration pursuant to 37 CFR 
1.142(b), as being drawn to a nonelected invention, there being no allowable generic or 
linking claim. 

EXAMINER'S AMENDMENT 

2. An examiner's amendment to the record appears below. Should the changes 
and/or additions be unacceptable to applicant, an amendment may be filed as provided 
by 37 CFR 1.312. To ensure consideration of such an amendment, it MUST be 
submitted no later than the payment of the issue fee. 

Authorization for this examiner's amendment was given in a telephone interview 
with Timothy J. Zarley on December 13 and 14, 2004. 

3. In the amendment of claims filed 1 1/12/2004, the claims are amended as follows: 
In claims 28, 31, 32, lines 1, replace 16 with 13 (To make the claims depend on 

claim 13 instead of claim 16). 



Application/Control Number: 10/718,147 Page 3 

Art Unit: 2858 

In claim 29, line 1, replace 17 with 28 (To make the claim depend on claim 28 
instead of 17). 

In claim 30, line 1, replace 16 with 27 (To make the claim depend on claim 27 
instead of 16). 

Specification 

4. Applicant is reminded of the proper language and format for an abstract of the 
disclosure. 

The abstract should be in narrative form and generally limited to a single 
paragraph on a separate sheet within the range of 50 to 150 words. It is important that 
the abstract not exceed 150 words in length since the space provided for the abstract 
on the computer tape used by the printer is limited. The form and legal phraseology 
often used in patent claims, such as "means" and "said," should be avoided. The 
abstract should describe the disclosure sufficiently to assist readers in deciding whether 
there is a need for consulting the full patent text for details. 

The language should be clear and concise and should not repeat information 
given in the title. It should avoid using phrases which can be implied, such as, "The 
disclosure concerns," "The disclosure defined by this invention," "The disclosure 
describes," etc. 

5. The abstract of the disclosure is objected to because it should be on a separate 
sheet. Further, the abstract should include which is new in the art to which the invention 
pertains (Elements such as a guard proximate to the parallel to the sense plate ... etc. 



Application/Control Number: 1 0/71 8,147 Page 4 

Art Unit: 2858 

in the abstract of previous Applications should be removed). Correction is required. 
See MPEP§ 608.01(b). 



Claim Rejections - 35 USC § 102 

6. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

7. Claims 13, 15, 28, 31, 32, are rejected under 35 U.S.C. 102(b) as being 
anticipated by Nelson et al. (5,218,309). 

Regarding claims 13, 31, Nelson et al. discloses a method comprising the step of 
selecting a frequency from a plurality of frequencies (Any first frequency of the two 
frequencies (column 2, line 9; column 3, line 8) being applied to the system); applying 
the frequency to a parallel plate cell filled with grain (Column 2, lines 61-68); measuring 
a first complex admittance of the parallel plate cell filled with grain (Column 2, lines 3- 
15); applying the frequency to reference (Nelson et al. does not explicitly disclose but 
inherent that the frequency is reference to the second frequency for comparison); 
measuring a second complex admittance of the reference (Column 3, lines 16-17; see 
also table 1 ); computing a complex permittivity from the first complex admittance and 
the second complex admittance (Entire column 4). 

Regarding claims 15, 32, Nelson et al. discloses the step of selecting the second 
reference admittance from a plurality of reference admittances (Column 3, lines 52-54). 



n 




Application/Control Number: 10/718,147 



Page 5 



Art Unit: 2858 

Regarding claim 28, Nelson et al. discloses the step of using a plurality of 
references (Phase angle, capacitance, reactance; column 3, lines 10-15) determine one 
or more distortion characteristics of measuring the real and imaginary components (The 
distortion is any measured value outside of the curves in figure 1). 



8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 

obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

9. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Nelson 
et al. (5,218,309) in view of Funk et al. (4,584,655). 

Regarding claims 14, Nelson et al. does not disclose the step of applying a 
calibration factor to the reference admittance to calculate an empty cell admittance. 

Funk et al. discloses a moisture tester and further discloses the step of applying 
a calibration factor to the reference admittance to calculate an empty cell admittance 
(Funk et al.'s column 7, lines 29-32) for the purpose of enhancing the moisture tester 
(Funk et al.'s column 3, lines 22-26). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the step of applying a calibration factor to the 
reference admittance as taught by Funk et al. into the system of Nelson because 
calibration would enhance the accuracy for determining the moisture. 
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10. Claims 27, 30, are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nelson et al. (5,218,309) in view of Brown et al. (3,870,951 ). 

Regarding claims 27, 30, Nelson et al. disclose the step of measuring real and 
imaginary components (Table 1) of an excitation voltage having a frequency applied 
driven plate parallel plate measuring real and imaginary components (Column 5, lines 1- 
8); calculating the first complex admittance (Y) of the parallel plate cell; calculating the 
second complex admittance of reference admittance; and calculating a grain complex 
permittivity (Table 1). 

Nelson et al. does not disclose the step of measuring a sense current sensed at 
a sense plate of the parallel plate cell. 

Brown et al. discloses a moisture measuring probe and further discloses the step 
of measuring a sense current sensed at parallel plate cell (Brown et al.'s column 1, lines 
8-11). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the step of measuring a sense current sensed at 
parallel plate cell into the system of Nelson because it is a routine to measure the 
moisture (Brown et al.'s column 1, lines 9-11). 

1 1 . Claim 29 is rejected under 35 U.S.C. 103(a) as being unpatentable over Nelson 
et al. (5,218,309) in view Myers (5,561,250). 
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Regarding claim 29, Nelson does not disclose the step of correcting for the 
determined distortion characteristics. 

Myers discloses a system and method similar to that of Nelson et al. and further 
discloses a step of correcting the distortion (Meyers's column 5, lines 49-50) for the 
purpose of improve accuracy of the measurement (Meyers's column 5, line 9-10). 

It would have been obvious to one of ordinary skill in the art at the time the 
invention was made to incorporate the step of correcting the distortion as taught by 
Myers into the system of Nelson et al. because it would have been desirable to improve 
the accuracy of the moisture measurement. 



12. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Vincent Q Nguyen whose telephone number is (571) 
272-2234. The examiner can normally be reached on 8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, N. Le can be reached on (571) 272-2233. The fax phone number for the 
organization where this application or proceeding is assigned is 703-872-9306. 



Contact Information 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 



Vincent Q. Nguyen 
Primary Examiner 
Art Unit 2858 



December 14, 2004 
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MULTIPLE FREQUENCY GRAIN MOISTURE manner which the loading auger location may. Despite these 

SENSOR FOR COMBINES improvements, a number of problems remain with mounting 

a moisture sensor on the side of the clean grain elevator in 

CROSS REFERENCE TO A RELATED a combine. One problem relates to the slow cycle time of the 

APPLICATION 5 moisture sensor. In a low flow condition which is not 

_ „ „ r M uncommon in grain harvesting, the sensor can be extremely 

This application is a division of U.S. Ser. No. 10/003,884 slow t0 filL For example, it may take up to four minutes to 

filed Oct. 25, 2001 now U.S. Pat. No. 6,686,749. fin t h e sensor. Therefore, the number of moisture sensor 

nA^vrDrnTivrn txtc TM\/r?MTir»xT readings is reduced and the moisture sensor data is insuffi- 

BACKGROUND Or lHfc INVENllON cient for prov j dmg accurate measurements for moisture 

1) Field of the Invention ma P s » y ieW determinations, and other purposes. 

The present invention relates generally to grain moisture . , A ^ T P roblem ^ mounting moisture sensors on the 

sensors. More specifically, the present invention relates to an s ' de of the cle 1 an cl ? v ator relates to the sensitivity of 

improved grain moisture sensor for combines. mis mounting location in the presence of side slopes. It is not 

2) Related Art 15 uncommon for a combine to be operating on a hill or slope. 
' When the combine is operated on a slope such that the grain 

Grain moisture sensors have been used in combines, fl ow ^ directed away from the moisture sensor inlet, it is 

particularly in precision agriculture applications. Continu- near i y impossible to fill the grain moisture sensor with 

ous or instantaneous grain moisture readings allow an opera- sufficient grain to make a moisture determination, 

tor to observe the moisture of the grain as it is being A further problem with mounting moisture sensors on the 

harvested. In conjunction with a GPS unit, a moisture sensor clean grain eIevator relates to graio Ieaks When mounted on 

can be used to provide moisture mapping. In addition, thesideof the clean grain elevator, any grain leaks that occur 

moisture sensors are used in yield monitoring applications. result in the leakiDg grain spiuin on me d> ^ lhe ^ 

When used in combination with a grain flow sensor, the leaks are not contained 

moisture sensor information is often used to calculate the \ nn th*r t^ki*™ ;„ mn ,vt„r 0 ™„™ ^u*^ * n *u- 
. - , . . . . ctjj.. . c , , . 25 Another problem in gram moisture sensing relates to the 

number of dry busheb in a field and the number of bushels ^ ^ j^ ic&n me sensor cell consis * of a 

per acre based on the number of wet bushels and the plate capaciu / m which me grain serves as lhe d £ lectrk 
mois e con en . material. The cell capacitance and therefore the permittivity 
Moisture sensors m combines are commonly mounted m 0 f the grain between the plates is measured. From this 
one of two places. The first of these places is in the grain 3Q measurement, the moisture of the grain is determined, 
tank auger. The grain tank auger is also known as the loading Normally, these cell designs are not as close to an ideal 
auger in a combine. There are a number of problems with parallel plate ca pacitor as desired. In particular, prior art 
mounting the moisture sensor in this location. The first is designs for grain moisture sensors for use in combines use 
that in order to mount the moisture sensor the flighting of the ^ ^ are mb ' }CCi t0 electric field fringe effects A 
loading auger must be removed. With removed flighting, 35 effcct occms when electric field lines m nol DOth straight 
matenal can bmld up which requires the operator to clean and perpendicular to the plates of the parallel plate capacitor, 
the sensor. If the moisture sensor is not kept clean,readmgs These fringe effects produce an uncontrollable influence on 
maybe inaccurate or the moisture sensor may be inoperable. ^ measurements from material other than grain that is 
A further problem with mounting the moisture sensor in close to the cell but outside of the cell. Another problem with 
the loading auger of a combine is the lag time or delay 40 cell designs is that they do not produce uniformly dense 
encountered when measuring moisture. When the moisture electric field lines between the parallel plates. The nonuni- 
sensor is mounted in the loading auger position, moisture form electric field density creates the problem of unequal 
sensor readings are not taken until the grain is actually in the sensitivity to grain throughout the cell. Thus the measure- 
loading auger of the combine. Therefore, grain must travel ments of the moisture of the grain within the cell are not as 
up the elevator and fill the sump of the transition housing 45 accurate as desired in these respects, 
before the auger is able to deliver grain to the sensor and a Another problem relating to the prior art relates to the 
moisture measurement can be taken. This deficiency frus- method for measuring cell capacitance. Measuring the 
trates the use of a moisture sensor in precision agriculture capacitance of a cell filled with grain is a traditional way of 
applications, making it more difficult to correctly associate obtaining grain moisture. There are two common prior art 
a particular field location with a particular grain moisture. so methods for measuring cell capacitance. The first method is 
A further problem with mounting grain moisture sensors to sense the changes in frequency of a variable oscillator that 
in a loading auger is that such a moisture system does not uses cell capacitance as one of its frequency determining 
provide for determining when there is sufficient grain elements, The second method is to excite the cell capaci- 
present for a grain moisture measurement. Grain moisture tance with a signal having a known frequency and to 
sensors usually include capacitive plates. The volume 55 measure the absolute value of the resulting cell current, 
between the plates must be covered before an accurate grain usually with a bridge type of circuit and a peak detector, and 
moisture measurement can be made. A moisture sensor that then to calculate the capacitance of the cell. Both of these 
is not filled with grain is not accurately measuring the methods tend to be dependent on grain cell construction and 
moisture of the grain. Therefore, this inability to know when are sensitive to noise, changes in circuit characteristics, and 
the capacitive plate is covered can result in erroneous grain 60 parasitic effects. The first method also has the problem of 
moisture measurements. poor control of frequency, especially as moisture varies. 

Another location that has been used to mount grain Both of these methods are also single dimensional, lacking 

moisture sensors is on the side of the clean grain elevator. the ability to measure both the dielectric and the loss 

The clean grain elevator mounting location is thought to properties of the grain. Therefore numerous problems 

provide a steadier flow of grain. Further, the clean grain 65 remain with this type of sensing. 

elevator location may avoid causing accelerated wear of the The combination of the dielectric and loss parameters is 

auger assembly and does not obstruct grain flow in the known as the complex permittivity. Complex permittivity is 
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an intrinsic, frequency dependent material property. The Another aspect of the present invention relates to the cell 

knowledge of the grain's complex permittivity at more than design of the sensor. The cell of the present invention 

one frequency has been found to be a part of advanced includes a driven plate to which excitation voltages are 

moisture level assessment as has been demonstrated by applied, a sense plate proximate and parallel to the driven 

USDA studies. Despite this observation, problems remain. 5 plate for measuring current that passes through the cell, a fill 

™,™ „ , k M , ™ plate adjacent to the sense plate for determining when the 

BRIEF SUMMARY OF THE INVENTION fa ^ and a ^ (0 ^ sense ^ and tbe 

It is therefore an object of the present invention to provide fill plate for protecting the sense plate and the fill plate. The 

a grain moisture sensor for use on a combine that improves guard is electrically isolated from, but at the same potential 

upon the state of the art, 10 as a sensed plate. The guard is parallel to and dimensionally 

It is another object of the present invention to provide a lar 8 er man me sense P late m order t0 sha P e the electric field, 

grain moisture sensor that provides accurate and consistent presence of the guard plate provides the advantage of. 

grain moisture measurements. straight electric field lines perpendicular to the sense plate 

It is a further object of the present invention to provide a and ° f 1 un j form throughout the region between the 

grain moisture sensor that does not require the removal of 15 P^ lel P ates ; ^f/f uUs m /educed fringe effects and 

flighting in the loading auger for cleaning. umfonn electnc field densitv aUowin g for ec l ual sensitivity 

v . #u . ft . , . . . to grain throughout the cell. In addition, the guard shields the 

Yet another object of the present invention is to provide a ° , * i 1 . • c u * ji_ 

J ,\ . • j t ♦ *♦ u * l sense plate from external electnc fields generated by sources 

gram moisture sensor that avoids lags in tune between when \. A . , . -„ B 

. . . * « .« - . . other than the driven plate. The fill plate provides the 

grain is harvested and when the moisture measurement is c j • . * • ■ . 

siaiu « uai auu u^u wuumic uk,<»iu*ui*iu i» 2Q advantage of accurate determination of whether or not the 

*k , , . _ , ... #J cell is full. 

A further object of the present invention is to provide a A a ♦ t .u * - ^ • .u ,u j . 

. . J #u / . ui * j • • • u A further aspect of the present invention is the method in 

gram moisture sensor that is capable of determining when . f f „,,, . u . . , 

5. H • ^ ii which the capacitance of a cell filled with gram is measured, 

tne sensor cell is tuil. . . , _ ° _ , 

, . . . , The present invention provides for measurement of the 

Yet another object of tbe present invention is to provide an 25 complex permittivity of the grain. Further, the present inven- 

improved gram moisture sensor that is less affected by low tioD provides for meaS urement of the complex permittivity 

flow conditions. at more man one frequency. This provides the advantage of 

Yet another object of the present invention is to provide a permitting compensation for variations in grain density and 

grain moisture sensor for use in a combine that is insensitive conductivity effects which is particularly important in 

to changes in the side slope of the ground being harvested. 30 mobile moisture sensing applications such as the use of a 

Yet another object of the present invention is to provide a moisture sensor on a combine. According to this aspect of 

grain moisture sensor that contains grain leaks. the present invention, the circuit measures the real and 

A still further object of the present invention is to provide imaginary components of both the excitation voltage and the 

a grain moisture sensor with a cell that has characteristics sense current. From these values, the complex admittance of 

closer to an ideal parallel plate capacitor. 35 the cell is calculated. The measurements are repeated for the 

A still further object of the present invention is to provide em P l y <* n and ^ celi m * d ^ g rain * Whe ° ^e empty cell 

a grain moisture sensor that provides for uniform electric ^ not available, the calibrated reference admittances are 

field density to allow for equal sensitivity to grain through- used inste**- The grain complex permittivity can then be 

out the cell calculated from these measurements. Mixers are used in the 

Yet another object of the present invention is to provide a 40 ^asurement of real and imaginary components of the 

grain moisture sensor with a cell for reducing fringe effects volta S e and cur [ enL J ^ ls synchronous detection method has 

produced by material other than grain that may be close to, ? ^ namw ' band filtenn 8 efl f ct ! reducing noise 

but outside of the cell. influence on the measurement. A virtual ground method of 

v . . t u. • . -j measuring low-level currents is used to provide the advan- 

Yet another object of the present invention is to provide a , ,• i a .■ • .u • a * 

1 .1 . .j r ■ j . .• 45 tage of a substantial reduction in the influence of parasitic 

grain moisture sensor that provides for increased protection , . j , • 

from electromagnetic interference elements at the current sensing node. In addition, measure- 

. . , . . . . . , ments can be corrected with the calibrated references to 

A8HH further object of the present invention is to prov.de compensate for any environmental changes that may influ- 

a grain moisture sensor that provides for the measurement of ence the circ|iit characteristics . prov 6 ides the advantage 

complex permittivity of the gram. 50 of ^ stable Md repetitive ^ 

Another object of the present invention is to provide a ,„ ^ ^ favention advantages 

gram moisture sensor that provides for the measurement of • a „ :^ M ^ A • t ^ 6 

° . . 41 . - / . . r m an improved gram moisture sensor, 

complex permittivity of the gram at more than one fre- r & 

quency. BRIEF DESCRIPTION OF THE DRAWINGS 

A grain moisture sensor of the present invention provides 55 iA . . tU , . 

for the sensing of the moisture of grain being harvested by ™" 1Als a Slde ^ w th t at ^ hows a ^me with a gram 

a combine. One aspect of the present invention relates to the m °***f «^ *• P™»[ ^ v ™. 

location of the grain moisture sensor on the combine. FIG. IB is a side view of the grain moisture sensor of tbe 

According to the, present invention, the grain moisture P resent invention mounted in a combine and in a fill posi- 

sensor is mounted off of the front of the clean grain elevator 60 UOD * 

transition housing inside of the grain tank. This provides the FIG « 1C is a side view of the grain moisture sensor of the 

advantages of access to the grain moisture sensor if required present invention mounted in a combine in a sensing posi- 

and the advantage that all leaks are contained. A further U0D ' 

advantage is that the grain moisture sensor fills positively FIG, 2 is a side cross section of the cell of the grain 

with grain. Further, this location of the grain moisture sensor 65 moisture sensor of the present invention, 

allows for the sensor to always be filled regardless of the FIG. 3 is a side cross section of the cell of FIG. 2 showing 

slope conditions of the combine. the equipotential lines of the electric field that is created 
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when an excitation voltage is applied to the driven plate of plate is to produce the equivalent of an ideal parallel plate 

the present invention. capacitor without fringe effects. The electric field lines are 

FIG. 4 is a circuit schematic of a model for the capacitor straight in nature and perpendicular to the sense and fill 

cell according to the present invention. plates. Further, the electric field lines are uniform in density 

FIG. 5 is a block diagram of the admittance measuring 5 ^ghout the region between the parallel plates. The result 

circuit according to the grain moisture sensor of the present 15 that *"«f ef * ects are re ^ uced ' Frm S e ef *f cts P rodu .<* 

invention uncontrollable influence on the measurements from material 

\ a . «*Tt * . * « . e Ai _ . other than the grain that are close to but outside of the cell. 

FIGS. 6A and 6B are block diagrams of the moisture H ^ straf ht electrfc field ^ within {hc ceU sk)W ^ 

sensor circuit according to the present invention. JQ ^ ^ fe largely immune from ^ mfluence Fmhcr> ^ 

DETAILED DESCRIPTION OF THE uniform electric field density Provides for equal sensitivity 

INVENTION ^ raiD throughout the entire cell. In addition, the entire cell 

and the electronics are contained in a metal enclosure 60. 
FIG. 1A shows a combine having a grain moisture sensor The metal enclosure 60 serves as an electromagnetic inter- 
according to the present invention. In FIG. 1A, the combine is ference shield, further isolating the entire cell from other 
2 is shown with a grain tank 10. In addition, the clean grain sources of electromagnetic energy. 

elevator 4 is shown. Grain from the clean grain elevator 4 The present invention provides for grain moisture calcu- 

travels to the transition housing 15 of the grain tank 10. The lations based on the measurement of the complex relative 

sump 6 of the transition housing is also shown. permittivity of the grain (henceforth referred to as "complex 

FIGS. IB and 1C show side views of the grain moisture 20 permittivity**). FIG. 4 illustrates a schematic diagram of a 
sensor of the present invention as mounted in a combine. circuit that is electrically equivalent to the capacitor cell of 
The grain tank 10 shown includes the grain moisture sensor the present invention. This equivalent circuit includes an 
12. The grain moisture sensor 12 is located in the grain tank ideal capacitor 82 having a value of C in parallel with an 
10 of the combine near the mass flow sensor 11. The cell ideal resistor 92 having a value of R. The ideal capacitor 82 
opening 16 is located below the impact plate 14 in the 25 represents the capacitive or energy storing property of the 
transition housing 15. Although an impact plate 14 is shown, cell and the ideal resistor 92 represents the conductive or 
the present invention contemplates that other deflectors can energy dissipating property of the cell. C and R are depen- 
be used. In this location, the cell 13 is positively filled due dent on the frequency of excitation and on the moisture, 
to the direct or indirect velocities of grain created from the temperature, and certain other properties of the grain, 
clean grain elevator paddles (not shown). This permits the 30 The complex admittance of the cell is 
cell 13 to be filled at high rates. This reduces any problems 
with slow cycle times associated with low flow conditions as i 
here, the cell 13 is filled at a high rate due to its placement y = - + j-w-c 
within the stream of grain created by the clean grain eleva- 
tor. The cell 13 is placed in line with the cell inlet. A 35 
plunger/piston 18 with an electric actuator is used to force where 
the grain sample back out of the inlet opening. In FIG. 1C, o>-2*jrf 
the cell 13 and plunger/piston 18 are in a sensing position. f=frequency of excitation 

FIG. 2 illustrates a side view of the cell 13 of the present 4Q j=the imaginary unit 

invention. The cell opening 16 or spacing is filled with grain. When the cell is empty it has essentially no energy 

On either side of the spacing are parallel capacitor plates 64 dissipating properties. Its admittance is very close to that of 

and 68. The driven plate 64 is the plate to which an an ideal capacitor having a value of C^: 
excitation voltage is applied. The sense plate 68 is the plate 

at which current is measured passing through the cell. The 45 Y c£ =j <»'Cce 

fill plate 66 is adjacent to the sense plate 68 and parallel to mc ccll ^ mied ^ it has both energy 

the driven plate 64. dissipating and energy storing properties. Its admittance is 

The fill sensor plate is one-fourth the size of the sense 

plate. To determine when the cell is full, the fill plate should i 

indicate a measured reading of one-fourth the sense plate 50 YcF ~ "r^ +J'v Ccf 
measured reading. Although in this embodiment the fill 

sensor is one-fourth the size of the sense plate, the present ~. ... « ^„ „ „ , . , , „ , . 

invention contemplates numerous variations in the sizes of Dmdm ? the filled <* U admittance by the empty cell admit- 

the plates. This is merely one example of a relative size tance & ives 

which is convenient and useful. 5S 

The guard 70 is strategically placed behind the sense plate YcF j^+j u CcF 

68 and the fill plate 66. The guard 70 is parallel to and = — j.(o C C E — 

dimensionally larger than the sense plate 68 in order to shape ~ 

the electric field. In addition, the guard 70 also shields the — c 

sense plate from external electric fields generated by sources 6 o = j.J.c^ * c£7 

other than the driven plate 64. ^ " c * 

FIG. 3 illustrates the cell of the moisture sensor with the = ™- -j- Q R 

equipotential lines of the electric field that is generated when CE w CE CE 
an excitation signal is applied to the driven plate 64. Due to 

the placement of the shield or guard 70, which is electrically 65 This ratio is the complex permittivity of the grain. Complex 

isolated from but at the same potential as the sense plate 68, permittivity is an intrinsic material property, dependent only 

the effect on the electric field lines in the vicinity of the sense on the frequency of excitation and on the moisture, 
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temperature, and certain other properties of the grain. It is is defined as a complex voltage value that represents 

independent of the dimensions and shape of the cell. Com- the voltage across the second reference. 

plex permittivity is. commonly written as follows: \ c is the complex current passing through the cell. 

£ _ £ , . , l R1 is the complex current passing through the first refer- 

" ' 5 ence. 

where is the complex current passing throughout the second 

e'-dielectric constant reference. 

e"=loss factor v c is me complex voltage across the cell. 

It is an objective of the circuitry of the present invention V *i j 8 the complex voltage across the first reference, 

to measure the empty cell admittance and the full cell 10 Y*2 is the complex voltage across the second reference, 

admittance in order to use the above equations to compute Y c is tne complex admittance of the cell, 

the complex permittivity of the grain. As shown on FIG. 4, Y *i * the complex admittance of the first reference, 

the complex excitation voltage, V c , is applied across the Y *2 *s tne complex admittance of the second reference, 

circuit. The resulting complex current, I c , flows through the H is ^ transfer function of the circuitry that performs 

circuit. V c has real component V r and imaginary component 15 complex current measurements. 

V,: G is the transfer function of the circuitry that performs 

complex voltage measurements. 

Vc-v,+j v { Vy is the generated source voltage. 

t i_ i a t j * * w A-~ is the transfer function for cell drive voltaee. 

I c has real component I r and imaginary component I £ : „ A 7° . , - i, , . : " vuiuigc. 
c r r & / r t 20 Ar is the transfer function for reference drive voltage. 

W+M D is the transfer function of the phase and gain mismatch 

By measuring V„ V fl I„ and I„ the complex admittance Y betw ^ n ^ mea f mcd real fa^ase) and measured imagi- 
can be calculated using complex arithmetic: ™? (q^rature) components of the complex current and 

voltage. This mismatch is caused by imperfections in the 
lc / r+ j./. 25 circuit elements that do the measuring. D is also known as 

Y = Vc = Vr + j-Vi ^ e " m i xer transformation matrix". It is an object of the 

present invention to measure the value of D and to correct 
for its influence. 

FIG. 5 illustrates the admittance measuring circuit used in In the admittance measuring circuit 100, a generated 
the grain moisture sensor according to the present invention. 30 source voltage 102 (V s ) is selectively applied to the cell or 
In FIG. 5, the admittance measuring circuit 100 is shown. to one of a plurality of references through an associated 
For explanation purposes, the following definitions are used: transfer function as indicated by reference numerals 104, 
U Rlm is defined as the measured value of U R1 defined below. 106, and 108. When V 5 is applied to transfer function A c 
Ujiimi is the rea l P art fa phase signal value) of U^ lm 104, a voltage V c is produced which is applied to the 

U*i m2 is the imaginary part (quadrature signal value) of 35 complex admittance for the cell, Y c 110. Similarly, when the 
U/j lm . voltage 102 (V s ) is applied to a first transfer function 106 

U /22ffI is defined as the measured value of defined below. the resulting voltage V rJ is applied to the complex admit- 
U*2mi is the real part (in phase signal value) of U /?2m . tance of the first reference admittance, Y R1 112, and when 

u /ezm2 is the imaginary part (quadrature signal value) of the signal 102 is applied to the second transfer function A r 
U^,. 40 108, the resulting voltage is applied to the second 

\J Cm is defined as the measured value of U c defined below. complex admittance 114 (Y^, Each of the resulting cur- 
U Cml is the real part (in phase signal value) of U Cm rents is summed in an adder 116. Where only one path is 

U C m2 is the imaginary part (quadrature signal value) of U Cm . selected, only one of these signals will be nonzero. The 
W mm is defined as the measured value of V/ R1 defined resulting current is then \ c if the cell is selected, \ R1 if the 
below. . 45 first reference is selected, and 1^ if the second reference is 

w /?imi is the real part (in phase signal value) of W^ lm selected. The resulting current flows through a circuit having 

w /?im2 is the imaginary part (quadrature signal value) of transfer function H 120, H being a transfer function for 
W J?lm . converting complex current to a complex voltage for mea- 

w *2m is defined as the measured value of W^ 2 defined surement purposes. The resulting voltage measured through 
below. 50 node 121 represents the complex current through either the 

w ii2mi is the real part (in phase signal value) of W^. cell admittance or one of the reference admittances. The real 

w *2m2 is the imaginary part (quadrature signal value) of and imaginary (in-phase and quadrature) components of this 
W^. voltage are determined by applying the voltage to the 

W Cm is defined as the measured value of W c defined below. subcircuit consisting of blocks 128, 129, and 130 as shown 
W Cml is the real part (in phase signal value) of W Cm 55 in FIG. 5. Thus in this manner, voltages M Cml and U cm2 
W Cm2 is the imaginary part (quadrature signal value) of representing the complex current through the cell are mea- 
W C?I . sured. By selecting either of the references, voltages repre- 

U c is defined as a complex voltage value that represents the senting the complex current through the first reference or 
current passing through the cell. through the second reference can also be measured. 

\J R1 is defined as a complex voltage value that represents the 60 In addition to measuring voltages that represent the corn- 
current passing through the first reference. plex current values, voltages that represent the complex 
U/^ is defined as a complex voltage value that represents the voltage values are also calculated according to the circuit, 
current passing through the second reference. The voltages from the cell, V c , the first reference, V^, and 
W c is defined as a complex voltage value that represents the the second reference, V R2 are applied to an adder 118. As 
voltage across the cell. 65 only one of the references or the cell is selected at a time, 
Wflj is defined as a complex voltage value that represents only one of these values will be non-zero. The result is 
the voltage across the first reference. applied to a transfer function 126 resulting in a complex 
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voltage at node 127. The real and imaginary (in-phase and To make accurate current and voltage measurements it is 

quadrature) components of this voltage are determined by necessary that the in-phase (IP) and quadrature (Q) local 

Bt&Z^+lZ^F**" of b,ocks osci,lator si ^ als used with mixere 216 > 220 ' aod 224 <° 

In this manner, the circuit shown in FIG. 5 provides for extract the real and imaginary components of complex 

determination of the real and imaginary parts of both the signals have a phase difference of exactly 90 degrees and 

voltage and the current associated with a particular admit- have identical amplitudes at their fundamental frequencies, 

tance. This admittance being either that associated with the Errors will be introduced to the extent that this is not the 

cell of the grain moisture sensor or that associated with one case . By using (wo re f er ence admittances of known and 

of the reference admittances of the grain moisture sensor. ctaK1<1 u™™- ^^„ f - <. in a „ mnAa 

To further explain, the following mathematical relation- 10 Stable VaiueS h ° Wever > correctlons to errors «* made - 

ships are present: The D functions 124 and 130 represent the distortion of 

the imaginary part with the respect to the real part of all 

G _ w_ H _^_ measured complex values. All measured values U m and W m 

~ v l can be corrected, using the same formula to obtain U and W, 

is which are the values before any measurement distortion 

In each case, the respective transfer functions are defined erTOr >* introduced, 

as the ratio of the output of the function to the input of the The following is the distorted relationship between the 

^ Cti °ili *- *u a •** • j n , ,t complex voltages representing cell and reference currents 

In addition, the admittance is defined mathematically as: . f. . • , 

3 and their measured values: 

20 

i _^ u c *Hmv*-v m 

Ys "v"W s w"R 

G where: 

25 r i oi 

Given these general relationships, the admittance of a d- { =pfc=\ ^ , i 

reference is defined as: 1 * 



* " W R ' H 30 



u -\t\ 



Further, the empty cell admittance, YCE, and a full cell 
admittance, YCF, are calculated as follows: 

V - UCE - 
a " Wcb H 

cf "wFf'h 



If the measurements for the reference admittance and the 
cell admittance are done in the same environmental 
conditions, it can be assumed that both G and H are the same 
in the cell admittance equations and the reference admit- 
tance equations. Then the following characterizes the empty 
cell and reference calibration factor F: 

Wr Wce f *ce Ur_ y*_ 
Ur' * U CE ' C£=> Uce'Wk 'Y CE 

The reference calibration factor, F, gives the ratio of the 
reference admittance to the empty cell admittance at the 
same environmental conditions. Thus a reference admittance 
can be used instead of an empty cell admittance for cali- 
bration purposes. 

Assuming that F will stay constant, the sampled grain's 
complex permittivity can be calculated as: 



Where: 

Thus, the present invention provides for measurement of 
the complex permittivity of grain for moisture sensing 
purposes. 



The same distorted relationship holds between the com- 
plex voltages representing cell and reference voltages and 
their measured values: 

35 

where: 




Expanding the above equations gives 

The pfcl and pfc2 correction factors are found through 
the use of two different references having known and stable 

55 admittance values of different phase angles. As an example, 
in one embodiment of the present invention the first refer- 
ence is a temperature stable 1% capacitor (COG) with a 
value of 15 pF (admittance Y m ) and the second reference is 
a precision 0.1% resistor with value of 2000 Q (admittance 

60 Xiw)* Other reference values may be used as well. 

The ratio of the reference admittances is computed as 
follows, with the example values also shown: 

/?=p^=Gi?+7-e/ = 2000.>.(2^./.15.10' 12 ) 
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The ratio of the raw measurements of two references is: 



Rm ! 



Uri-W„ 
Wri-U R2 



Expanding the above equation 
values results in: 



to include the measured 



Rm = 



(U», m , + j(U R(m , • pfcl + U Rlm7 • pfc2))- 

<W* /m , + jCHW • p/c7 + W R)m2 • p/c2)) • 
{U R2m/ + >(£7„ w + • P fc2)) 



Rm is set equal to R and two quadratic equations in two 
unknowns (pfcl, pfc2) are derived: 



part) 



i real 



■'Rlml WJ R2m2 



a^pfc^+^pf^+c^pfc^pfcz+d^pfc^ (from imagi- 

nary part) 

where: 
b^W, 

dj— 2-aj 

fj«-a a 
f 2 — ai 

These two quadratic equations are then solved simulta- 
neously for pfcl and pfc2. As a simple closed form solution 
is not available, they may be solved by Newton-Raphson 
iteration for example. Other numerical equation solving 
algorithms may be used as well. The solution is known to be 
near the point (pfcl-0, pfc2-l) hence this is preferably used 
for a starting point. In theory four different solutions are 
possible. Any solution not near (0,1) shall be considered 
extraneous. In a software implementation, an appropriate 
error condition can be set. This is not likely to happen, 
however, if it does occur, precautions can be taken when the 
error condition is present. 

FIGS. 6 A and 6B show a schematic of the grain moisture 
sensor according to the present invention. The schematic 
shows a number of input and output lines for connection to 
an intelligent control such as a processor, microcontroller, 
integrated circuit, or other device. This schematic shows 
merely one circuit configuration of the present invention. 
The present invention provides for the ability to selectively 
measure one of a plurality of complex admittances at a 
plurality of frequencies. 

The inputs to the system (outputs from an intelligent 
controller) are shown in FIG. 6A. The inputs include a first 
frequency input 164 and a second frequency input 166. 
Optionally a first sine wave generator 178 and a second sine 
wave generator 180 are used. The sine wave generators take 
the square wave output of a microcontroller, divide the 
frequency as necessary, and smooth the output such that a 
sinusoidal signal is produced. The output from the first sine 



wave generator 178 is electrically connected to three switch 
inputs of dual quad switch 198. In addition, the output from 
the first sine wave generator 178 is electrically connected to 
a 90 degree phase shifter 194. The 90 degree phase shifter 
194 is constructed such that its output signal is 90 degrees 
out of phase with its input signal. The 90 degree phase 
shifter 194 is electrically connected a switch input of the 
dual quad input switch 198. The output of the second sine 
wave generator 180 is similarly connected. 

The first sine wave generator 178 and the second sine 
wave generator 180 operate at different frequencies. For 
example, the first sine wave generator 178 operates at 10 
MHz while the second sine wave generator 180 operates at 
1 MHz. 

The dual quad input switch 198 is controlled by input 174 
and input 172that are used to select one of the signals. One 
of the outputs from the switch is electrically connected to an 
input of the dual quad output switch 200. Inputs 168 and 170 
are connected to the switch 200 to control which of the 
outputs is selected. The outputs are buffered and then 
electrically connected to the sensor cell 208, a first reference 
admittance 210, and a second reference admittance 212. The 
reference admittances are used for calibration purposes. 

As shown in FIG. 6B, the buffered outputs, which drive 
the cell and the two references, are also electrically con- 
nected to a summing circuit 214. The output from the 
summing circuit 214 is electrically connected, through high 
pass filter 215, to a mixer 216. This mixer 216 also has a 
local oscillator input electrically connected to an output 
from the switch 198 (FIG. 6A). The output of mixer 216 
passes through low pass filter 226 and is then electrically 
connected to an analog-to-digital converter and read by the 
microcontroller. The output of the mixer 216 has a DC 
voltage that is proportional to that component of the input 
voltage signal that is in-phase with the local oscillator. 

The sense plate of the sensor cell 208 and the first 
reference 210 and the second reference 212 of FIG. 6A are 
electrically connected to a summing current to voltage 
converter 218 shown in FIG. 6B. The summing current to 
voltage converter has a low impedance, virtual ground type 
of input. The output of the summing current-to-voltage 
converter is electrically connected, through high pass filter 
219, to a second mixer 220. The second mixer 220 also has 
a local oscillator input electrically connected to an output 
from switch 198 (FIG. 6A). The output of mixer 220 passes 
through low pass filter 228 and is then electrically connected 
to an A/D converter and read by the microcontroller. The 
output of the mixer 220 has a DC voltage that is proportional 
to that component of the input signal that is in-phase with the 
local oscillator. 

In addition, the current, l F from the fill plate on the sensor 
cell 208 (shown in FIG. 6A) passes through the current to 
voltage converter 222. This current to voltage converter also 
has a low impedance, virtual ground type of input. The 
55 output of the current to voltage converter 222 is electrically 
connected, through high pass filter 223, to a third mixer 224. 
The third mixer 224 also has a local oscillater input that is 
electrically connected to an output from switch 198. The 
output of mixer 224 passes through low pass filter 230 and 
then is electrically connected to an analog to digital con- 
verter and read by the microcontroller. This configuration 
permits monitoring of the admittance of the fill plate relative 
to that of the sense plate. When this relationship is propor- 
tional to the relative sizes of the plates, then the sensor cell 
208 is considered full of grain. 

The synchronous detection method for measuring com- 
plex signals through the use of a local oscillator, a mixer, and 
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a low pass filter, as described above, has a very narrow band 4. A method of claim 1 further comprising: 

pass filtering effect, greatly reducing noise influence on the measuring real and imaginary components of an excita- 

measurement. The virtual ground method of measuring very tion voltage having a frequency applied to a driven 

low-level currents is used to provide the advantage of a plate of a parallel plate cell; 

substantial reduction in the influence of parasitic elements at 5 measuring real and imaginary components of a sense 

the current summing and sensing node. current sensed at a sense plate of the parallel plate cell; 

Returning to FIG. 6A, a thermistor or other temperature calculating the first complex admittance of the parallel 

sensor is attached to the driven plate of the sensor cell 208. plate cell; 

This is only one example of temperature sensor placement. calculating the second complex admittance of a reference 

The temperature sensor may also be attached to one of the 10 admittance; and 

other plates in the cell. The measurement of temperature calculating a grain complex permittivity, 

allows moisture calculations to be corrected accordingly. 5. A method of measuring moisture of grain comprising: 

Thus a detailed schematic for the present invention has measuring real and imaginary components of an excita- 

been shown and described. That which is shown is merely tio n voltage having a frequency applied to a driven 

one embodiment of a design according to the present inven- plate of a parallel plate cell; 

tion. The present invention contemplates variations in the measuring real and imaginary components of a sense 

frequencies used, the number of references, the particular current sensed at a sense plate of the parallel plate cell; 

electrical components used to perform a particular function calculating a complex admittance of the parallel plate cell; 

or set of functions, and other variations. _ . , 4 . , , . . - c . . 
rr* r . , uuj- 20 calculating a complex admittance of a reference admit- 
Therefore a novel gram moisture sensor has been dis- tance' and 

closed. According to one aspect of the invention, the grain , , ' , , ... 

moisture sensor provides for the measurement of complex "lculatmg a gram complex permittivity. 

admittance at multiple frequencies. According to another , 6 " J* 6 ™ et ? od of cli T 5 comprising using a 

aspect of the invention, the grain moisture sensor is mounted . to determine one or more djstortion 

in the grain tank of a combine. According to another aspect 25 c^tenslics of measuring the real and imaginary compo- 

of the present invention, the grain moisture sensor is of a ne ^ tS ~ 

sensor cell design that guards the capacitive plates from . 7 " ^ method of claim 6 further composing correcting 

fringe effects. According to another aspect of the invention, &r the determined distortion characteristics, 

a fill sensor is provided so that accurate determinations can „ f S J^ meth . od J* . claim 6 f ? tber comprising correcting 

be made as to when the sensor cell is foil and ready for 30 for the determined distortion characteristics 

measurement method of claim 5 wherein the reference admit- 

What is claimed is - tance * ^kcted f rom a set comprising the parallel plate cell 

1. A method of grain moisture sensing and measurement T^f a ca P acitive lo »d. and a complex impedance 

comprising: ' 

35 10. The method of claim 5 further comprising changing 

selecting a frequency from a plurality of frequencies; the frequency of the excitation voltage. 

applying the frequency to a parallel plate cell filled with H- The method of claim 5 further comprising selecting 

grain; the reference admittance, 

measuring a first complex admittance of the parallel plate 12 - ^ method of claim 5 further comprising using a 

cell filled with grain; * 40 pl uraut y °* references to determine one or more distortion 

, . c \ r characteristics of measuring the real and imaginary compo- 

applying the frequency to a reference; nents 

measuring a second complex admittance of the reference; 13 The method of claim 5 wherein the reference admit- 

and tance is selected from a set comprising the parallel plate cell 

computing a complex permittivity from the first complex 45 when empty, a capacitive load, and a complex impedance 

admittance and the second complex admittance. load. 

2. The method of claim 1 wherein the step of computing 14. The method of claim 5 further comprising changing 
includes applying a calibration factor to the reference admit- the frequency of the excitation voltage. 

tance to calculate an empty cell admittance. 15. The method of claim 5 further comprising selecting 

3. The method of claim 1 further comprising selecting the 50 the reference admittance, 
second reference admittance from a plurality of reference 

admittances. * * * * * 



